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ABSTRACT 


The electronic equipments are extremely sensitive to variation in electric 
supply. The increasing of a nonlinear system with several interconnected 
unpredicted and non-linear loads are causing some problems to the power 
system. The major problem facing the power system is power quality, 
controlling of reactive power and voltage drop. A static synchronous 


compensator (STATCOM) is an important device commonly used for 
compensation purposes, it can provide reactive support to a bus to 
Keywords: compensate voltage level. In this paper, the Artificial Neural Network (ANN) 
controlled STATCOM has been designed to replace the conventional PI 


an a controller to enhance the STATCOM performance. The ANN controller is 
IEEE us system proposed due to its simple structure, adaptability, robustness, considering the 
MATLAB/Simulink power grid non-linearities. The ANN is trained offline using data from the PI 
PI controller controller. The performance of STATCOM with case of Load increasing and 
SPWM three-phase faults case was analyzed using MATLAB/Simulink software on 
STATCOM the IEEE 14-bus system. The comprehensive result of the PI and ANN 
controllers has demonstrated the effectiveness of the proposed ANN 
controller in enhancing the STATCOM performance for Voltage profile at 
different operating conditions. Furthermore, it has produced better results 

than the conventional PI controller. 
This is an open access article under the CC BY-SA license. 
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1. INTRODUCTION 

The electric power system is a highly nonlinear system that operates in a constantly changing 
environment; loads, generator outputs, and key operating parameters change continually [1]. The stability 
depends on the nature of the disturbance that may subject to the system, where the disturbance may occur for 
a long or short period [2]. There could be damages to the machines connected to the system, cause heating in 
the electrical equipment, and malfunction of the sensitive equipment. Small disturbances in the form of load 
changes occur continually, and the system adjusts to the changing conditions. The system must be able to 
operate satisfactorily under these conditions and successfully meet the load demand. It must also be able to 
survive numerous disturbances of a severe nature, such as a short-circuit on a transmission line or loss of a 
large generator [3].In the past, traditionally it has been used fixed or mechanically switched shunt and series 
capacitors, reactors and synchronous generators to solve many of these problems. However, there are 
limitations to the use of these conventional compensators. required performance was not being able to 
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achieve effectively. Wear and tear in the mechanical components and slow response were the major of the 
problems [4]. With the rapid increase in power electronics deployment, there was greater need for the 
alternative technology made of solid-state devices with fast response characteristics. 

Recently, flexible AC transmission systems (FACTS) controllers have been mainly used for solving 
various steady-state control problems and enhance power system stability in addition to their main function 
of power flow control. Employment of FACTS devices in power systems leads to better performance of the 
system, for instance, voltage stability, voltage regulation, and power system stability, damping, can be 
improved by using these devices [5]. 

A Static Synchronous Compensator (STATCOM) is one of the parallel FACTS devices that is 
usually used for voltage regulation. It can also be used to improve power system stability by injecting or 
absorbing reactive power to the network. It is based on a power electronics voltage-source converter (VSC) 
and if connected to a source of power it can also provide active power [4-6]. The performance of STATCOM 
is mainly dependent upon how accurately and quickly error signals are compensated. where the best 
compensation effect can be obtained by proper control of the STATCOM [7]. Conventionally, a STATCOM 
is controlled by the PI controller, which requires precise linear mathematical models, where are difficult to 
obtain and fail to perform satisfactorily under parameter variations nonlinearity load disturbance. Thus, the 
best possible performance from a STATCOM might not be obtained from conventional controllers for 
different operating points [8, 9]. 

To avoid the above-mentioned drawbacks. The need was for the development of new controllers 
with more improved performance [7]. Recently, a major effort has been underway to develop new and 
unconventional control techniques that can often augment or replace conventional control techniques, ANN 
techniques have been significantly useful in power electronics for the maintenance of the stability of systems 
over a wide range of operation. ANN controller can learn, remember and make decisions. Furthermore, it 
provides a fast dynamic response and their control requires no mathematical model of the system [10, 11]. 
Several studies have proposed the application of ANN-based control of STATCOM in power system 
distribution. In this paper, the ANN controller has been designed instead of conventional PI for STATCOM 
control circuit. Exhaustive simulation studies are carried out for the IEEE 14-bus system to study the 
performance of designed ANN controller for STATCOM. 


2. STATIC SYNCHRONOUS COMPENSATOR (STATCOM) 
A complete detailed explanation about STATCOM functionality and controllability is as follows: 


2.1. The basic operating principle of STATCOM 

Static Synchronous Compensator (STATCOM) as one of the most important members of the 
FACTS family, which is increasingly used in modern power systems, 1s connected in shunt to the system as 
shown in Figure 1. It is a3@ voltage system that lets both generation and absorption of reactive power. When 
system voltage is low, the STATCOM generates reactive power (STATCOM capacitive). When system 
voltage is high, it absorbs reactive power (STATCOM inductive). It consists of blocks and they are coupling 
transformer, measurement system, inverter/converter circuit, controller and a dc-link capacitor. The basic 
operation principle of the STATCOM is based on two AC sources (System and STATCOM) with the same 
frequency through coupling inductance. The exchange of reactive power between the system and STATCOM 
is achieved by adjusting the amplitude of the VSC output voltage (Vout). If the amplitude of the VSC output 
voltage is greater than the system voltage (Vac), the STATCOM generates capacitive reactive power. 
Otherwise, the STATCOM absorbs inductive reactive power. If the amplitude of the VSC output voltage is 
equal to the system voltage, the exchange of reactive power between the STATCOM and the system 
will be zero [8, 10, 12]. 


Grid bus Statcom bus 






Controller 


Figure 1. STATCOM in power system 
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The relation between the fundamental component of the converter ac voltage output and the voltage 
across the dc capacitor is given as: 


Vout = KVac (1) 


Where k is the coefficient that depends on the number of switching pulses, converter configuration 
and the converter controls. The fundamental component of the converter voltage output i.e. Vout is 
dependent on Vdc, can be controlled by varying the dc voltage across the capacitor which can be done by 
varying the phase angle a of the converter switching. The direction of reactive power flow either from the 
system to the coupling transformer or from the coupling transformer to the system is decided by the 
difference between the converter voltage output and the ac system bus voltage [8]. 

The reactive power exchanged can be given as follows: 


n V ac2—-YoutVac COS 


Q= z (2) 
The real power exchange between the voltage source converter and the ac system can be given as: 
Vaev, , 
P= — sin « (3) 


Where: 

Vour- Converter output voltage, 

Vic - ac system voltage magnitude, 

X — leakage reactance of the coupling transformer. 

a - phase angle between the converter output voltage and the system voltage. 


2.2. Sinusoidal pulse width modulation (SPWM) technique 

The most common PWM approach is sinusoidal PWM. In this method, a triangular wave is 
compared to a sinusoidal wave of the desired frequency and the relative level of the two waves is used to 
control the switching of devices in each phase leg of the inverter. 

The inverter output voltage has the following features. 

1- SPWM frequency is the same as the frequency of V tri. 
2- Amplitude is controlled by the peak value of V Control. 
3- Fundamental frequency is controlled by the frequency of V Control. 

The aim of the controller and sinusoidal PWM scheme is to maintain constant voltage magnitude at 
the point where a sensitive load is connected, under system disturbances. The control system only measures 
the RMS voltage at the load point, 1.e., no reactive power measurements are required. The VSC switching 
strategy is based on a sinusoidal PWM technique which offers simplicity and good response. SPWM methods 
offer a more flexible option than the fundamental frequency switching methods favoured in FACTS 
application. 


2.3. Voltage source converter (VSC) 

VSC is a power electronic tool able of generating a sinusoidal voltage of required frequency, 
magnitude and phase angle. It converts the d.c voltage through the storage capacitor into three-phase a.c 
output voltages. The voltages are in phase and coupled with the a.c system through the coupling 
transformer [13]. The major function of VSC as an integral part of STATCOM is to contribute in mitigating 
power quality disturbances by injecting or absorbing the required voltage. The required voltage in this case is 
the difference between reference and actual voltage. The VSC is usually based on some type of energy 
storage that will supply the d.c voltage. The required voltage can then be getting by switching the solid-state 
electronic devices in the converter [14]. 


2.4. Structure of STATCOM control circuit 

The main function of the STATCOM control circuit is to independently control the active and 
reactive power supplied to the power system to regulate the voltage generated over the dc-link capacitor. 
Figure 3 depicts the basic control strategy employed for the STATCOM. 

The control system consists of: The Phase-Locked Loop (PLL), measurement systems, abc-dq0O 
transformation, PI controller, current regulator and the pulse generator. 

A phase-locked loop (PLL) which synchronizes on the positive-sequence component of the three- 
phase primary voltage V1. The output of the PLL (angle 9=@t) is used to compute the direct-axis and 
quadrature-axis components of the AC three-phase voltage and currents (labeled as Vd, Vq or Id, Iq on the 
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diagram). Measurement systems that measure the d and q components of AC positive-sequence voltage and 
currents to be controlled as well as the DC voltage Vdc. An outer control loop consisting of a PI controller 
for AC voltage and another PI controller for DC voltage. The output of the PI controller for AC voltage is the 
reference current Igref for the current regulator (Iq = current in quadrature with a voltage which controls 
reactive power flow). The output of the PI controller for the DC voltage is the reference current Idref for the 
current regulator (Id = current in phase with a voltage which controls active power flow). An inner current 
regulation loop consisting of a current regulator. The current regulator controls the magnitude and phase of 
the voltage generated by the SPWM converter (V2d, V2q) from the Idref and Iqref reference currents 
produced respectively by the PI controller for AC voltage and the PI controller for the DC voltage (in voltage 
control mode). The current regulator is assisted by a feed-forward type regulator which predicts the V2 
voltage output (V2d, V2q) from the V1 measurement (V1d, V1q) [15]. 
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Figure 3. Control system block diagram of STATCOM 


2.5. PI controller 

PI Controller is required to control or to operate STATCOM during a disturbance in the system, 
such as drop in the voltage level. The voltage of Point of Common Coupling (PCC) is sensed and forwarded 
through a sequence analyzer. Reactive power control loop (control unit of q-coordinate) and active power 
control loop (control unit of d- coordinate) have a separate PI controller. As a same of feedback controllers, 
the PI controller operates by summing the error and integral of these values [16]. Structure of PI controller 
depicted in Figure 4. 

The difference value between the actual and reference voltage is the input of the PI controller. For 
the q-coordinate control unit, the reference value for voltage is 1 p.u, where in this control, the proportional 
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gain (Kp) is 5 and the integral gain (Ki) is 1000. In the control unit of d- coordinate, the proportional gain 
(Kp) and integral gain (Ki) are 0.025. The output of the PI controller is converted into three-phase voltage 
and given to the SPWM pulse generator to produce the pulse and then it will be delivered to the VSC to 
trigger the IGBT switches. 









Figure 4. PI controller [10] 


2.6. ANN controller 

Neural networks have now become one of the new control technologies, it is a highly 
interconnected network of a great number of processing elements called neurons in a design inspired by the 
human brain. in generally, the body of the neural network contains several layers of neurons, an input layer, 
hidden layers, and an output layer [17]. As shown in Figure 5. 
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Figure 5. General structure of neural network [10] 


Xn 





The major object of the ANN controller is to get proper values for weights and biases which are the 
learnable parameters inside the controller structure that gives the required output [16]. 

In this research, a multilayer BP-type ANN controller was utilized to improve the performance of 
STATCOM. The ANN was trained by using the MATLAB toolbox; Levenberg Marquardt (LM) BP 
algorithm was applied as the training algorithm in this artificial neural network controller. There are three 
methods to find the local minimum for any given function. Gradient Descent (GD) is a first-order 
optimization framework, Levenberg-Marquardt Back propagation (LMBP) algorithm is a second-order 
optimization framework, and Gauss-Newton (GN) framework. Gradient Descent (GD)is a strong method 
especially when it begins far from the final minimum; meantime, it is prone to poor convergence. LM 
algorithm can get solutions even initiating far from the final solution. Where the LMBP method is between 
GD and Gauss-Newton (GN) frameworks. Levenberg-Marquardt Back propagation (LMBP) algorithm is a 
preferable option than to GN and GD methods [18] as it converges quickly, need low memory, and 
enable to learn [19]. 
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The diagram of the ANN controller utilized in this research as shown in Figure 6, has 3 layers, 
consist of 1 input layer, 1 hidden layer (contained of 10 neurons), and 1 output layer. The data for training the 
artificial neural network are sourced from the conventional PI controller. The input of the artificial neural 
network is the error signal of the Vac and the error signal of the Vdc. The error is determined and a portion of 
it is propagated backward through the network. The ANN controller is expected to minimize this error. The 
performance metric of the ANN controller is the Mean square error which reflects the error between the input 
and the target values.1000 epochs were required for the ANN training in the control unit of q-coordinate the 
best-achieved validation performance (0.00026404) was achieved at epoch 15. The number of epochs in the 
control unit of d- coordinate are 1000 while the best-achieved validation performance (0.00041643) is 
achieved at epoch 13. The ANN training was performed offline and was programmed to control the VSC 
STATCOM. After the offline training was completed, the next stage is to replace the conventional PI 
controller with the created ANN controller. 


Hidden Layer Output Layer 





Figure 6. Diagram of neural network used in this study 


3. MODELING OF THE TEST POWER SYSTEM 

A test power system was modeled using MATLAB/Simulink software in the [EEE-14 bus. The 
system consists of 11 load buses, two power generators, three synchronous compensators and a total of 21 
transmission lines. The test power system was designed using a phasor simulation type. The test power 
system operates base on a 100 MVA and base voltage of 138 KV. The design was in accordance with the 
IEEE-14 bus test system as shown in Figure 7. This system was used throughout all cases that 
were simulated. 





Figure 7. Model of the IEEE- 14 bus system 
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After running the test system simulation, under the standard IEEE- 14 bus system data with no 
disturbance and without STATCOM. The bus voltage (p.u) result was obtained as presented in Figure 8. The 
result shows that the voltage at bus 1, bus7 and bus 8 has the highest voltage (p.u) at 1.057 p.u, 1.054 p.u and 
1.083 p.u respectively. where these buses are not connected to any load. And by monitoring the rest of the 
system buses that connect to loads. It was noted that all voltages were within the permitted operating range. 
Where the voltage at buses 2, 3, 4, 5, 6, 9, 10, 11, 12, 13 and 14 are 1.041 p.u, 1.008 p.u, 1.011 p.u, 
1.014 p.u, 1.05 p.u, 1.048 p.u, 1.043 p.u, 1.049 p.u, 1.047 p.u,1.042 p.u and 1.026 respectively. 


1.1 
=) 
a 1.05 
LLJ 
(O) 
< 
O 
> 

0.95 

1 2 3 4 5: 6 7 8383 | 9 | 10 11 12 13 14 


M 1.057 1.041 1.008 1.011 1.014 1.05 1.054 1.083 1.048 1.043 1.049 1.047 1.042 1.026 


Figure 8. Voltage (p.u) for all buses at standard data 


4. RESULTS AND ANALYSIS OF THE TEST CASES 

In this study, two cases were created to cause a disturbance in the test system, they were Load 
Increasing case and three-phase faults case. This was done to achieve the objective of this study. For 
clarification, the objective was to investigate the performance of a STATCOM regard to improvement of 
buses voltage and damping ratio when the designed ANN controller was introduced as an alternative to the 
conventional PI controller in a power system. The result of using the STATCOM with PI controller was 
presented, then followed by the result of using the ANN in controlling the STATCOM. At every stage of 
implementation, the performance of the system was compared. 


4.1. Load increase case 

In this case an increase of 300 % from the standard value of the loads were increased for all buses 
that connecting with a load. The justification for an increase in the load was to produce a disturbance in the 
test system and observe the effect on the power system to locate the weakest bus for the installation of 
STATCOM. 


4.1.1.Load increase case with out STATCOM 

When the load was increased up to 300% without STATCOM the voltage associated with each bus 
is presented in Figure 9. By observing the results, we note the buses that connected to the generators and 
those close to the supply side were not affected significantly by increasing the load. Where the voltage at 
buses 1,2,3,6 and 8 are 1.051 p.u, 1.037 p.u, 1.004 p.u, 1.049 p.u and 1.06 p.u respectively. On the other 
hand, There was observe an effect on the voltage amplitude at the bus 9 (1.026 p.u) ,bus 10 (1.011 p.u), bus 
11 (1.014 p.u),bus 12 (0.9397 p.u), bus 13 (0.9307 p.u), and bus 14 (0.8987 p.u). Therefore, buses 12, 13 and 
14 were identified as the most vulnerable buses of the test cases. As the voltage of these buses is below the 
permitted level for operating loads. Thus, there was need to add compensation technology. Where in this 
study, a STATCOM device was added to the system. Previous studies had reported that the placement 
criterion of STATCOM is to have it connected at the weakest bus of the system [20]. The weakest bus was 
identified as bus 14. This is identical to the studies that have been done to identify the weakest bus on IEEE 
14 BUS system [2, 6, 21, 22]. 

Furthermore, a comparative analysis of the effect of the increased load is presented in Table 1. It is 
clear from the table that the increase in load had a significant effect on the three most vulnerable buses (12, 
13, and 14). Where the voltage at normal loads in these buses was 1.047 p.u, 1.042 p.u and 1.026 p.u. After 
the increase in the load, the voltage for the three buses was 0.93971 p.u, 0.9307 p.u and 0.8987 p.u 
respectively. The analysis showed that 10.25%, 10.68% and 12.41% were the voltage drop ratio in buses 12, 
13 and 14 respectively. This decrease in voltage due to the site of these buses far from the power sources 


Int J Pow Elec & Dri Syst, Vol. 11, No. 4, December 2020 : 1966 — 1978 


Int J Pow Elec & Dri Syst ISSN: 2088-8694 O 1973 


(generators) [21], where the system cannot meet the required of reactive power due to the increased load, and 
if this reactive power does not compensate it will lead to voltage instability or even voltage collapse [23]. 


1.1 
> 405 
= 4 
LLJ 
© 0.95 
z 0.9 
O 0.85 d 
0.8 
1/2/13 /4+1/5 |6{7/18 |9 | 10 | 11 | 12 | 13 | 14 


M 1.051 1.037 1.004 0.989, 1 1.049 1.031 1.06 1.026 1.011 1.014 0.94 0.931 0.899 


Figure 9. Voltage (p.u) for all buses at load increase case without STATCOM) 


Table 1. Voltage drop at buses 12, 13 and 14 between normal and load increase case. 


roe Voltage when normal case (p.u) Voltage when load increase case (p.u) Voltage drop (%) 
12 1.047 0.9397 10.25% 
13 1.042 0.9307 10.68% 
14 1.026 0.8987 12.41% 


4.1.2.Load increase case with STATCOM 

In this section, STATCOM will be introduced to the test system, to improve the result obtained in 
the load increase case. A significant decrease in voltage was observed on buses 12, 13 and 14. It will focus 
on these three buses and explain the effectiveness of the STATCOM to improve the voltage level. From the 
previous case, a suitable place to connect the STATCOM to the system was determined on bus 14. The effect 
of a conventional PI controlled STATCOM and that of ANN controlled STATCOM are presented. The aim 
was to compare the efficiency of the PI and ANN controllers [24, 25] 


a. STATCOM based on a conventional PI controller 

In this case, the STATCOM was used with conventional PI control to mitigate the voltage weakness 
and the results were as displayed in Figure 10. The buses connected to generation sources are still at about 
the same value. bus 1 (1.05 p.u) bus 2 (1.037 p.u) , bus 3 (1.003 p.u), bus 6 (1.05 p.u) and bus 8 (1.055 p.u). 
While the voltage on buses 4,5,7,9,10,11 is 0.986 p.u ,1.001 p.u, 1.027 p.u, 1.021 p.u, 1.008 p.u and 1.012 
p.u respectively. 

With particular interest to the weakest buses, STATCOM with the PI controller had an effect on 
improve voltage level, where bus 12 had a voltage amplitude of 0.955 p.u, while 13 and 14 had 0.96 p.u and 
0.972 p.u respectively. As displayed in the following Figure 11. 
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Figure 10. Voltage (p.u) for all buses at (load increase case use StatCom with PI controller) 
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Figure 11. Voltage at B12, B13, B14, (load increase case use StatCom with PI controller) 


b. STATCOM based on an ANN controller 

The PI controller has been replaced with the designed ANN controller in the control circuit of the 
STATCOM. This was in furtherance to the objective of this study, which is to compare the performance of 
the PI-controlled STATCOM with the ANN-controlled STATCOM [26, 27] For clarifications, the function 
of the ANN was to deliver a swift and dynamic response and improve the stability of the system for a large 
operating range. The result obtained is presented in Figure 12. It is clear from the results; the ANN was able 
to provide more stability to the power system as it improved the voltage level on the weak buses that were 
connected to STATCOM. On the other hand, there is no change was observed in the rest of the buses which 
far from the STATCOM connection point. 
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Figure 12. Voltage (p.u) for all buses at (load increase case use StatCom with PI controller) 


Figure 13 shows the effect of ANN on weak buses, as the level of voltage at buses 12, 13 and 14 is 
0.9602 p.u, 0.971 p.u and 1.006 p.u, respectively. And also, the damping time is better than use PI controller. 
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Figure 13. Voltage at B12, B13, B14, (load increase case use StatCom with ANN controller) 
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4.1.3.Performance comparison of ANN controller against PI controller during load increase case. 

To achieve a comparison between the performance of the two controllers(PI and ANN) during the 
load increasing case, from the results shown in the figurel0,11 and 13. It should be noted that the weakest 
buses during this case bus 12, 13 and 14, were the most affected by the addition of STATCOM. Tables 2 and 
3 show the rate of improvement for both controllers on these buses. 


Table 2. Voltage improvement rate when use StatCom with PI controller 


Buses Voltage when load increase case Voltage when statcom with pi Voltage improvement (%) Damping time 
(p.u) (p.u) (s) 
12 0.9397 0.9546 1.59% 
13 0.9307 0.9601 3.16% 0.09 
14 0.8987 0.9716 8.11% 


Table 3. Voltage improvement rate when use StatCom with ANN controller 


Buses Voltage when load increase case Voltage when statcom with Voltage improvement (%) Damping time 
(p.u) ann (s) 
12 0.9397 0.9602 2.18% 
13 0.9307 0.9710 4.33% 0.05 
14 0.8987 1.006 11.94% 


It is clear from the result in Table 2 that when the load was increased in bus 12, the voltage was 
0.9397 p.u .however, when the implementation of STATCOM with the PI controller, the voltage level 
improved to 0.9602 p.u. Also, when this result was compared with the initial case of increased load, an 
improvement of 2.18 % was observed. The result got better in subsequent buses herein reported with 
4.33%% and 11.94% improvements obtained in buses 13 and 14 respectively. A comparison of the result in 
the three buses as presented in Table 3 showed a better and more improved performance of the STATCOM 
when the ANN was used as a controller [28]. Here, the improvement obtained was 2.18% %, 4.33% % and 
11.94% % in bus 12, 13, and 14 respectively. The damping time was also reduced from 0.09 s when using PI 
to 0.05 s when ANN controlled STATCOM. It should be noted that a great improvement was obtained in the 
weakest bus 14 where the STATCOM was placed [29]. For instance, the voltage level in the respective buses 
was 0.9602 p.u, 0.9710 p.u and 1.006 p.u when ANN was used as against the 0.9397 p.u, 0.9307 p.u and 
0.8987 p.u obtained when the load was increased without STATCOM. Figure 14 shows the comparison of 
buses 12,13 and 14 for load increase cases. And a comprehensive comparison of the result in all the load 
increase cases is presented in Figure 15. 


12 13 14 
—e—VOLTAGE WITH OUTSTATCOM (p.u} 
== VOLTAGE WHEN STATCOM WITH Plip.u) 
—e— VOLTAGE WHEN STATCOM WITH ANN (p.u) 


Figure 14. Comparison of buses 12,13 and 14 for load increase cases 
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Figure 15. Comprehensive comparison of the result in all the load increase cases 


4.2. Three-phase fault case 

In this case, the effectiveness of using the STATCOM was tested in the case that the system was 
occurred to a three-phase fault at bus-3 during a period from 1 to 1.5 seconds. As known, the three-phase 
fault is the greatest fault that occurs in the system. The results were compared with two controllers (PI/ANN) 
to mitigating voltage drop which occurred at bus3. 

A three-phase fault has been applied at bus 3, the first simulation was performed without using 
STATCOM;; it can be observed that the voltage drops at bus 3 was 0.851 p.u (15.58% of the reference 
voltage (1.008 p.u)) as displayed in Figure 16. 

The second simulation was carried out using STATCOM based on a conventional PI controller 
connected to the IEEE 14-bus system at bus-3 during three-phase fault, the STATCOM generated the 
reactive power to the system; then, the voltage sag was mitigated, and the PI took 0.072 sec to maintain 
voltage at the bus-3 to 0.953 p.u (percentage of improvement 11.98 %) as shown in Figure 17. 

Figure 18. explained the last simulation that was performed with STATCOM based on ANN 
controller. In this simulation, ANN needed 0.023 sec to improve the voltage to 0.978 p.u (percentage of 
improvement 14.92%) because the ANN controller reduced the errors to the minimum value. 
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Figure 16. Voltage at bus-3 during three-phase fault period without STATCOM 
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Figure 17. Voltage at bus-3 during three-phase fault period with STATCOM based on PI 
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Figure 18. Voltage at bus-3 during three-phase fault period with STATCOM based on ANN. 


4.2.1.Performance comparison of ANN controller against PI controller during three-phase fault 


To achieve the aim of this study. The performance of the STATCOM was compared when using the 


two controllers (PI / ANN) during the three-stage fault period on bus 3. After simulation it was apparent that 
the designed ANN unit gives better results compared to the conventional PI control unit. The comparison of 
the performance, response time, and rate of Improvement between PI and ANN illustrated in table 4. 


3: 


Table 4. Comparison of the performance during the three-phase fault period at bus 3. 


Comparison Parameter PI controller ANN controller 
Voltage during fault period (p.u) 0.953 0.978 
Response Time (sec) 0.072 0.023 
Improvement ratio (%) 11.98 14.92 
CONCLUSION 


In this paper, an ANN controller was designed and proposed as an Intelligent control method instead 


of the conventional PI controller to provide a suitable control signal to improve the characteristics and 
performance of STATCOM in power system. An IEEE-14 bus power system has been simulated in 
MATLAB environment to evaluate the STATCOM performance with PI and ANN controller during cases of 
load increase and three-phase fault. The simulation results revealed that the STATCOM-based intelligent 
control methodology (ANN), provided better features as we obtained an improvement on power stability and 
fast dynamic response time during the two test cases in comparison to the conventional PI-based STATCOM. 
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